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(57)Abstract: 

PROBLEM TO BE SOLVED: To increase a treating 
speed by using high concentration ozone efficiently by 
making a structure at least from an ozone supply port to 
an object to be treated sealable so that no gas/liquid 
interface exists between the ozone solution supply port 
and the object. 

SOLUTION: A high concentration ozone aqueous 
solution produced by an ozone aqueous solution 
generator 4 is supplied from an ozone solution supply 
port 5 to a reaction treatment tray 1 of about 1 m2 
cross-sectional area and 0.05 m depth, and a silicon 
substrate 3 coated with a photoresist film 2 is placed in 
the liquid of the tray 1. A plate-shaped lid 7 is fitted to y | 

the tray 1, and the solution in the tray 1 is sealed. The 3 i i 

supplied ozone solution is discharged from an ozone 
discharge opening 8. In this way, in a process in which 
the high concentration ozone solution is brought into 
contact with an object to be treated, since no gas/liquid 
interface exists between the supply port 5 and the 

object, the release of the dissolved ozone into a gas phase can be prevented, and the dissolved 
ozone can efficiently be used. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The substrate surface treatment approach characterized by considering as the 
structure which can seal said from ozone feed hopper to a processed material at least in the 
process which contacts a high concentration ozone solution to a processed material so that a 
gas-liquid interface may not exist in from an ozone solution feed hopper before a processed 
material. 

[Claim 2] The substrate surface treatment approach characterized by making ozone exist in a 
gaseous phase in the process which contacts a high concentration ozone solution to a 
processed material. 

[Claim 3] The substrate surface treatment approach according to claim 1 which installs a lid in 
the upper part part of a reaction processing container, and is characterized by sealing. 
[Claim 4] The substrate surface treatment approach according to claim 1 characterized by 
contacting the dissolution ozone concerned to a processed material using an ozone solution 
injection nozzle with a configuration similar to the configuration of a processed material before 
dissolution ozone reaches a gas-liquid interface. 

[Claim 5] The substrate surface treatment approach according to claim 2 which controls 
emission into the gaseous phase of dissolution ozone by introducing the ozone gas which 
occurred with the ozonator to the gaseous-phase part in a reaction processing container. 
[Claim 6] The substrate surface treatment approach according to claim 2 which controls 
emission into the gaseous phase of dissolution ozone by introducing the ozone gas discharged 
from the ozone solution manufacture process to the gaseous-phase part in a reaction 
processing container. 

[Claim 7] The substrate surface treatment approach characterized by using an acetone, an 
acetic acid, or its mixed solution as a solvent which dissolves ozone in the process which 
contacts a high concentration ozone solution to a processed material. 

[Claim 8] The substrate surface treatment approach according to claim 2 characterized by the 
pressure of the ozone gas to supply being more than atmospheric pressure. 
[Claim 9] It is used for the process which contacts a high concentration ozone solution to a 
processed material. A reaction processing container, The ozone solution feed hopper and ozone 
exhaust port which are connected with this reaction processing container, Substrate surface 
treatment equipment characterized by consisting of an ozone water manufacturing installation 
which supplies an ozone solution to said reaction processing container from this feed hopper, 
filling up with an ozone solution in said reaction processing container, and becoming so that a 
gas-liquid interface may not exist in from said ozone solution feed hopper before a processed 
material. 

[Claim 10] It is used for the process which contacts a high concentration ozone solution to a 
processed material. A reaction processing container, The ozone solution feed hopper and ozone 
exhaust port which are connected with this reaction processing container, Substrate surface 
treatment equipment characterized by consisting of an ozone water manufacturing installation 
which supplies an ozone solution to said reaction processing container from this feed hopper, 
leaving a gaseous phase, supplying an ozone solution in said reaction processing container, and 



coming to supply ozone into the gaseous phase in this reaction processing container. 
[Claim 1 1] It is used for the process which contacts a high concentration ozone solution to a 
processed material. A reaction processing container, The sample base whose rotation of said 
processed material is enabled, and the ozone solution feed hopper which counters said 
processed material and is connected with said reaction processing container, It consists of an 
ozone exhaust port connected with said reaction processing container, and an ozone water 
manufacturing installation which supplies an ozone solution to said reaction processing container 
from this ozone solution feed hopper. Substrate surface treatment equipment characterized by a 
processed material coming to be contacted before an ozone solution injection nozzle with a 
configuration similar to the configuration of said processed material approaches said processed 
material, it connects with said ozone solution feed hopper free [ attachment and detachment ] 
and the dissolution ozone from said ozpne feed hopper forms a gas-liquid interface. 
[Claim 12] The substrate surface-treatment equipment characterized by to consist of an ozone 
water manufacturing installation which supplies an ozone solution to said reaction processing 
container, and an ozonator of a controlling-emission into gaseous phase of dissolution ozone 
sake from the ozone solution feed hopper and gas-supply opening which is used for the process 
which contacts a high-concentration ozone solution to a processed material, and are connected 
with a reaction processing container and this reaction processing container and an ozone 
exhaust port, and this ozone solution feed hopper. 

[Claim 13] It is used for the process which contacts a high concentration ozone solution to a 
processed material. A reaction -processing container, The ozone solution feed hopper and gas 
supply opening which are connected with this reaction processing container, and an ozone 
exhaust port, It consists of an ozone water manufacturing installation which supplies an ozone 
solution to said reaction processing container from this ozone solution feed hopper. Substrate 
surface treatment equipment characterized by coming to introduce the ozone gas which said 
ozone water manufacturing installation is connected to gas supply opening by the 
interconnecting tube, and was discharged from said ozone water manufacturing installation from 
said gas supply opening to the gaseous-phase part in said reaction processing container. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the substrate surface-treatment approach and 
the equipment which perform improvement in the wettability on exfoliation of the photoresist 
film, removal of a surface particle, removal of a metal contamination, formation of an insulating 
oxide film, and the front face of a substrate, and adhesion using the solution which dissolved 
high-concentration ozone to the substrate overly like a large-scale scale integrated circuit 
(VLSI) on the occasion of manufacture of the semi-conductor with which super-[ detailed-izing 
and ] defecation is demanded, or manufacture of the liquid-crystal substrate with which super- 
washing-ization is demanded. 
[0002] 

[Description of the Prior Art] There was the following to perform surface treatment of a 
substrate conventionally. 

[0003] A. The exfoliation tub which exfoliates a photoresist with exfoliation liquid, and the tank 
rinsed with the pure water containing ozone remove a photoresist completely, and there are 
some which raise the yield so that it may be indicated by 1st conventional example JP.9- 
22867.A. Ozone water is used for the latter washing tub in order to carry out oxidation removal 
of the organic thin film residue which remained in the substrate slightly at the time of resist 
exfoliation. 

[0004] As shown in drawing 10 , the tank 52 made to circulate through exfoliation liquid 51 is 
installed in another object by the exfoliation tub 50, and the sensor 53 which measures 
exfoliation liquid concentration is installed in this tank 52. And at the time of a concentration fall, 
the new exfoliation liquid of exfoliation liquid is introduced into a tank 52 from the new liquid 
feeder 54 based on the signal of this sensor 53. The exfoliation liquid in a tank 52 always holds 
setting concentration, and the exfoliation liquid maintained at this setting concentration is 
supplied to said exfoliation tub 50 by supply of this new exfoliation liquid. Thereby, the substrate 
55 which applied the photoresist film is made immersed at right angles to the exfoliation tub 50, 
and the photoresist film is removed by the exfoliation liquid injected from the injection nozzle 56 
in liquid which can carry out parallel translation. Furthermore, in order to carry out oxidation 
removal of the organic thin film residue which remained slightly at the time of resist exfoliation, a 
substrate 55 is rinsed with the pure water which contains ozone in the washing tub 57. 
[0005] By the conventional example 1 , the solvent power over the photoresist film of a solution 
is made to maintain, and the amount of the exfoliation liquid used can be decreased. Moreover, 
the yield of photoresist film removal can be improved by washing the organic thin film which 
remained in the substrate front face after exfoliation with the pure water containing ozone. 
[0006] B. It consists of the organic-substance removal process of removing the organic 
substance which adhered to the substrate by supplying the ultrapure water containing ozone to 
a substrate so that it may be indicated by 2nd conventional example JP,8-1 81 1 37,A, a process 
which etches the oxide film generated at this organic substance removal process by the 
hydrofluoric acid, and an oxide film formation process which is contacted with the ultrapure 
water which contains ozone after that, and forms an oxide film, and there are some which form 



the outstanding insulating oxide film in a silicon-wafer front face. 

[0007] Each of said organic substance removal processes, etching processes, and oxide-film 
formation processes is performed one by one by the sealing tub 101 shown in drawing 1 1 . 
[0008] Where nitrogen gas is introduced from the inert gas inlet 102 of drawing 1 1 , pure water is 
supplied to the rotating wafer 103 from the drug solution supply nozzle 104, it is rotated, and a 
wafer front face is soaked in homogeneity. 

[0009] Then, ozone water is stopped and pure water washes, after forming an oxide film in this 
wafer front face, whiie supplying 2 ppm ozone addition ultrapure water from a nozzle 104 and 
oxidizing the organic substance on the front face of a wafer, where a wafer 103 is rotated. 
[0010] Next, where a wafer 103 is rotated, a hydrofluoric-acid water solution is supplied from a 
nozzle 104, and the oxide film generated at the organic substance removal process is etched. 
After etching termination, a hydrofluoric-acid solution is stopped and pure water washes. 
[001 1] Next, ozone addition ultrapure water is supplied to the wafer 103 which rotated from a 
nozzle 1 04, and a 0.6nm oxide film is formed in a wafer front face. Finally, it dries by rotating a 
wafer 103. 

[0012] Since the conventional example 2 enables it to improve the property of the oxide film of a 
silicon wafer sharply, high performance and a high accumulation device are realized more. 
[0013] 

[Problem(s) to be Solved by the Invention] There is a trouble which is listed to the next in said 
1st and 2nd conventional example. 

[0014] (1) In order to improve processing speed, it is possible to raise the ozone level in a water 
solution. However, in said conventional example, the reaction processing container is released by 
the gaseous phase, since the interface between an ozone solution and a gaseous phase exists, 
ozone will be emitted into a gaseous phase and the ozone which dissolved cannot be used 
effectively. 

[0015] (2) Since ozone has the property to be hard to melt into water, in case it manufactures 
high-concentration ozone water, it needs a lot of ozone gas. 

[0016] This invention was made in consideration of such a problem, and aims at offering the 
deployment approach of a high concentration ozone solution and equipment which can reuse the 
ozone gas needed for improving processing speed, using high concentration ozone effectively 
and ozone water manufacture. 
[0017] 

[Means for Solving the Problem] In the process which contacts a high concentration ozone 
solution to a processed material, the substrate surface treatment approach according to claim 1 
is characterized by considering as the structure which can seal said from ozone feed hopper to a 
processed material at least so that a gas-liquid interface may not exist in from an ozone solution 
feed hopper before a processed material. 

[0018] Moreover, the substrate surface treatment approach according to claim 2 is 
characterized by making ozone exist in a gaseous phase in the process which contacts a high 
concentration ozone solution to a processed material. 

[0019] Moreover, in the process which contacts a high concentration ozone solution to a 
processed material, the substrate surface treatment approach according to claim 3 installs a lid 
in the upper part part of a reaction processing container, and is characterized by filling a 
reaction processing container with a solution. 

[0020] Moreover, in the process which contacts a high concentration ozone solution to a 
processed material, using the ozone solution injection nozzle with a configuration similar to the 
configuration of a processed material, the substrate surface treatment approach according to 
claim 4 is characterized by contacting the dissolution ozone concerned to a processed material, 
before dissolution ozone reaches a gas-liquid interface. 

[0021] Moreover, the substrate surface treatment approach according to.claim 5 is 
characterized by controlling emission into the gaseous phase of dissolution ozone in the process 
which contacts a high concentration ozone solution to a processed material by introducing the 
ozone gas which occurred with the ozonator to the gaseous-phase part in a reaction processing 
container. 



[0022] Moreover, the substrate surface treatment approach according to claim 6 is 
characterized by controlling discharge into the gaseous phase of dissolution ozone in the 
process which contacts a high concentration ozone solution to a processed material by 
introducing the ozone gas discharged from the ozone solution manufacture process to the 
gaseous-phase part in a reaction processing container. 

[0023] Moreover, the substrate surface treatment approach according to claim 7 is 
characterized by using an acetone, an acetic acid, or its mixed solution as a solvent which 
dissolves ozone in the process which contacts a high concentration ozone solution to a 
processed material. . 1 

[0024] Moreover, the substrate surface treatment approach according to claim 8 is 
characterized by the pressure of the ozone gas which makes exist it and supplies ozone into a 
gaseous phase being more than atmospheric pressure in the process which contacts a high 
concentration ozone solution to a processed ^material. 

[0025] Furthermore, substrate surface treatment equipment according to claim 9 It is used for 
the process which contacts a high concentration ozone solution to a processed material. A 
reaction processing container, The ozone solution feed hopper and ozone exhaust port which are 
connected with this reaction processing container, It is characterized by filling up with an ozone 
solution in said reaction processing container, and becoming so that it may consist of an ozone 
water manufacturing installation which supplies an ozone solution to said reaction processing 
container from this feed hopper and a gas-liquid interface may not exist in from said ozone 
solution feed hopper before a processed material. 

[0026] Moreover, substrate surface treatment equipment according to claim 10 It is used for the 
process which contacts a high concentration ozone solution to a processed material. A reaction 
processing container, The ozone solution feed hopper and ozone exhaust port which are 
connected with this reaction processing container, It is characterized by consisting of an ozone 
water manufacturing installation which supplies an ozone solution to said reaction processing 
container from this feed hopper, leaving a gaseous phase, supplying an ozone solution in said 
reaction processing container, and coming to supply ozone into the gaseous phase in this 
reaction processing container. 

[0027] Moreover, substrate surface treatment equipment according to claim 1 1 It is used for the 
process which contacts a high concentration ozone solution to a processed material. A reaction 
processing container, The sample base whose rotation of said processed material is enabled, and 
the ozone solution feed hopper which counters said processed material and is connected with 
said reaction processing container, It consists of an ozone exhaust port connected with said 
reaction processing container, and an ozone water manufacturing installation which supplies an 
ozone solution to said reaction processing container from this ozone solution feed hopper. 
Before an ozone solution injection nozzle with a configuration similar to the configuration of said 
processed material approaches said processed material, it connects with said ozone solution 
feed hopper free [ attachment and detachment ] and the dissolution ozone from said ozone feed 
hopper forms a gas-liquid interface, it is characterized by a processed material coming to be 
contacted. 

[0028] Moreover, substrate surface treatment equipment according to claim 12 It is used for the 
process which contacts a high concentration ozone solution to a processed material. A reaction 
processing container, The ozone solution feed hopper and gas supply opening which are 
connected with this reaction processing container, and an ozone exhaust port, It is characterized 
by consisting of an ozone water manufacturing installation which supplies an ozone solution to 
said reaction processing container, and an ozonator of a controlling-emission into gaseous phase 
of dissolution ozone sake from this ozone solution feed hopper. 

[0029] Moreover, substrate surface treatment equipment according to claim 13 It is used for the 
process which contacts a high concentration ozone solution to a processed material. A reaction 
processing container, The ozone solution feed hopper and gas supply opening which are 
connected with this reaction processing container, and an ozone exhaust port, It consists of an 
ozone water manufacturing installation which supplies an ozone solution to said reaction 
processing container from this ozone solution feed hopper. Said ozone water manufacturing 



installation is connected to gas supply opening by the interconnecting tube, and it is 
characterized by coming to introduce the ozone gas discharged from said ozone water 
manufacturing installation from said gas supply opening to the gaseous-phase part in said 
reaction processing container. 
[0030] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail. 

[0031] The schematic diagram of the experimental device with which gestalt 1 drawin g 1 of 
operation explains the gestalt 1 of operation of this invention, and drawing 2 are the schematic 
diagrams of the substrate surface treatment equipment in which the gestalt 1 of operation of 
this invention is shown. 

[0032] With the gestalt of this operation, a high concentration ozone solution is supplied in a 
reaction processing container, and the ozone level in a solution is measured. In drawing 1 , the 
ozone solution feed hopper for leading the ozone water with which the reaction processing tray 
whose 1a is a reaction processing container, and 4 were manufactured by the ozone water 
manufacturing installation, and 5 was manufactured by this ozone water manufacturing 
installation 4 to reaction processing tray 1a, and 6 are overflow **. In drawing 2 , since it has the 
structure where reaction processing tray 1b can seal a solution, the ozone water generated by 
the ozone water manufacturing installation 4 is supplied without a gas-liquid interface from the 
ozone solution feed hopper 5. In addition, 8 is an ozone exhaust port. The art shown in claim 1 by 
abolishing a gas-liquid interface is enforced. The effectiveness of an art shown in claim 1 by 
comparing by the case where there are not a case where there is a gas-liquid interface, and a 
gas-liquid interface is shown. 

[0033] The ozone level in the solution generated by drawing 3 by the ozone manufacturing 
installation, the ozone level in the case of drawing 1 , and the ozone level in the case of d rawin g 
2 are shown. 

[0034] As shown in drawing 3 , when there is an interface between a high concentration ozone 
solution and a gaseous phase and ozone does not exist in a gaseous phase, the ozone which 
dissolved is partially emitted into a gaseous phase, and the ozone level fall in a solution is seen. 
On the other hand, it turns out that a reaction processing container is filled up with a high 
concentration ozone solution, a concentration fall is not seen but the ozone which dissolved can 
be used effectively since the ozone in a solution is not emitted into a gaseous phase when a 
gas-liquid interface does not exist in before the processed material immersed from an ozone 
solution feed hopper. 

[0035] Where gestalt 2 processed material of operation is **(ed) in a reaction processing 
container, the high concentration ozone solution was supplied in the reaction processing 
container, and the ozone level in the solution near the processing substrate was measured. The 
art shown in claim 2 according to making ozone exist in a gaseous phase is enforced. The 
effectiveness of an art according to claim 2 is shown by comparing the case where ozone does 
not exist in the case where ozone gas exists in a gaseous phase, and a gaseous phase. 
[0036] The result of having measured the ozone level about the case where ozone does not 
exist in the case where ozone exists in drawing 4 in a gaseous phase, and a gaseous phase is 
shown. 

[0037] When there was an interface between a high concentration ozone solution and a gaseous 
phase and ozone did not exist in a gaseous phase, the ozone which dissolved was partially 
emitted into the gaseous phase, and the ozone level fall in a solution was seen. On the other 
hand, since the ozone of a solution is hard to be emitted into a gaseous phase when ozone is 
supplied into the gaseous phase in this reaction processing container and ozone exists in the 
gaseous phase in this reaction processing container, while a high concentration ozone solution is 
supplied in a reaction processing container, a concentration fall is controlled and the ozone 
which dissolved can be used effectively. 

[0038] Gestalt 3 drawing 5 and drawing 6 of operation are the schematic diagram of the 
experimental device in which the gestalt 3 of operation of this invention is shown. All are aimed 
at exfoliation of the photoresist film 2 applied on the silicon substrate 3 which is a processed 



material. 

[0039] In drawing 5 , the high concentration ozone water generated by the ozone water 
manufacturing installation 4 from the ozone solution feed hopper 5 on the reaction processing 
tray 1 (2 cross-section a depth of 0.05m of 1m) is supplied, and the silicon substrate 3 which 
applied the photoresist film 2 into the liquid of the reaction processing tray 1 is installed. The 
supplied ozone water is discharged from overflow ** 6. 

[0040] In drawin g 6 , the high concentration ozone water generated by the ozone water 
manufacturing installation 4 from the ozone solution feed hopper 5 on the reaction processing 
tray 1 (2 cross-section a depth of 0.05m of 1m) is supplied, and the silicon substrate 3 which 
applied the photoresist film 2 into the liquid of the reaction processing tray 1 is installed. The 
plate-like lid 7 was installed in the reaction processing tray 1, and the solution in the reaction 
processing tray 1 is sealed. The supplied ozone water is discharged from the ozone exhaust port 
8. 

[0041] The surface treatment approach of claim 3 is enforced by using the substrate surface 
treatment equipment of a configuration of that drawing 6 showed. Moreover, the effectiveness by 
invention according to claim 3 becomes clear by comparing the result of the equipment of 
draw i ng 5 . 

[0042] As a processing substrate, what applied the 6-micrometer resist to the 8 inches silicon 
wafer was used. 200 mL/min and ozone water concentration changed the ozone water flow rate 
with 10, 20, and 50 ppm. 

[0043] The exfoliation rate of a resist was computed by measuring the film thickness. 

[0044] A result is shown in Table 1. The effectiveness of being about 1.5 to 2 twice many as this 

was seen as an exfoliation rate by installing a lid. 

[0045] 
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[0046] In the gestalt 3 of gestalt 4 implementation of operation, by using an acetone, an acetic 
acid, or its mixed solution in addition to water showed that there was effectiveness of high resist 
exfoliation as a solvent which dissolves ozone. This is that the solubility of the ozone to an 
acetone and an acetic acid is higher than water, and is considered to be because for the ozone 
level in a solution to have increased. 

[0047] A resist exfoliation rate improves by the solubility to an ozone solution being small 
instead of the lid 7 in the gestalt 3 of gestalt 5 implementation of operation, for example, 
covering a solution side with oil films, such as a silicone oil, to it. When it covered with the 1- 
2mm oil film and the same experiment as the gestalt 3 of operation was conducted, as compared 
with the case where there is no oil film, the effectiveness of being twice [ 1.4 to ] many as this 
was seen. 

[0048] Gestalt 6 drawin g 7 of operation is the schematic diagram showing the gestalt 6 of 
operation of this invention. It aims at formation of a pure oxide film on the silicon substrate. 
[0049] In drawing 7 , the ozone water generated by the ozone water manufacturing installation 
14 is introduced into the reaction-vessel body 10 which is a reaction processing container from 



a feed hopper 15. The 8 inch silicon substrate 12 is installed on the sample base 13 with the 
device to rotate. The gas after the waste fluid exhaust port 16 and a reaction is discharged for 
the solution after a reaction from an exhaust port 17. Gas can be supplied if needed from the 
gas supply opening 18. 

[0050] A silicon substrate 12 is installed on the sample base 13, introducing nitrogen gas from 
the gas supply opening 18. Three cc of ultrapure water was supplied from the feed hopper 20, 
the sample base 13 was rotated by 500rpm, and the front face was wet. 

[0051] By substrate rotational frequency 3000rpm, high concentration ozone water (20 ppm) was 
supplied for 1 minute by 300 cc/min from the feed hopper 15, and clarification was carried out 
with pure water after removing the organic contamination on a front face. 
[0052] Then, by substrate rotational frequency 3000rpm, the hydrofluoric-acid water solution 
was supplied for 2 minutes by 30 cc/min 0.5% from the feed hopper 21, and pure water washed 
after etching a surface oxide film. 

[0053] The ozone solution injection nozzle 19 which has the structure of the configuration of a 
substrate 12 and a similar configuration in a feed hopper 15 next is connected, and by substrate 
rotational frequency 3000rpm, supply 20 ppm ozone water for 30 seconds by 400 cc/min from 
this nozzle 19, before dissolution ozone reaches a gas-liquid interface, a processed material is 
made to contact, and an oxide skin is formed in a substrate front face. Spacing of said nozzle 19 
and substrate 12 is 0.5-1. 0mm. 

[0054] The substrate surface treatment approach according to claim 4 is enforced by using the 
substrate surface treatment equipment of a configuration of that drawing 7 showed. Moreover, 
the effectiveness of this invention becomes clear by the comparison with the case where the 
ozone solution injection nozzle 19 is removed. 

[0055] The result of having measured the oxide skin 30 seconds after ozone water treatment is 
shown in Table 2. The thickness of an oxide film increased 1.3 to 1.5 times by the ozone solution 
injection nozzle 19. 

[0056] A reactant low acetone, an acetic acid, or its mixed solution with ozone etc. can be used 
like the gestalt 4 of operation as a solvent which dissolves ozone in addition to water. 
[0057] 
[Table 2] 
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[0058] The gestalt 7 of gestalt 7 implementation of operation aims at formation of a pure oxide 
film on the silicon substrate. 

[0059] In drawing 8 , 30 introduces a reaction-vessel body and the ozone water generated by the 
ozone water manufacturing installation 34 from a feed hopper 35. The 8 inch silicon substrate 32 
is installed on the sample base 33 with the device to rotate. The gas after the waste fluid 
exhaust port 36 and a reaction is discharged for the solution after a reaction from an exhaust 
port 37. Gas can be supplied if needed from the gas supply opening 38. 

[0060] A silicon substrate 32 is installed on the sample base 33, introducing nitrogen gas from 
the gas supply opening 38. Three cc of ultrapure water was supplied from the feed hopper 40, 
the sample base 33 was rotated by 500rpm, and the front face was wet. 

[0061] By substrate rotational frequency 3000rpm, high concentration ozone water (20 ppm) was 
supplied for 1 minute by 300 cc/min from the feed hopper 35, and pure water washed after 
removing the organic contamination on a front face. 

[0062] Then, by substrate rotational frequency 3000rpm, the hydrofluoric-acid water solution 



was supplied for 2 minutes by 300 cc/min 0.5% from the feed hopper 41, and pure water washed 
after etching a surface oxide film. 

[0063] Next, by substrate rotational frequency 3000rpm, supplying the ozone gas of 50- 
300g/Nm3 generated with the ozonator 42 from the gas supply opening 38, 20 ppm ozone water 
is supplied for 30 seconds by 400 cc/min from a feed hopper 35, and an oxide skin is formed in a 
substrate front face. 

[0064] The substrate surface treatment approach according to claim 5 is enforced by using the; 

substrate surface treatment equipment of a configuration of that drawing 8 showed. Moreover, 

the effectiveness of this, invention becomes clear by the comparison with the case where 

nitrogen gas is supplied from the gas supply opening 38 instead of ozone gas. 

[0065] The result of having measured the oxide skin 30 seconds after ozone water treatment is 

shown in Table 3. The thickness of an oxide film increased 1.4 to 1.6 times by ozone gas supply. 

[0066] An acetone, an acetic acid, or its mixed solution can be used like the gestalt 4 of 

operation as a solvent which dissolves ozone in addition to water. 

[0067] 

[Table 3] 
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[0068] In the gestalt 7 of gestalt 8 implementation of operation, even when the ozone gas of the 
high-pressure force is supplied instead of supplying the high concentration ozone gas of ordinary 
pressure from the gas supply opening 38, the thickness of an oxide skin increases. As compared 
with the case where nitrogen gas is supplied, the thickness of an oxide film increased 1.3 to 1.6 
times by supplying 3 from the gas supply opening 38 the pressure of two or more atmospheric 
pressures, and the ozone gas concentration of 20-30g/Nm. The more the supply-gas-pressure 
force is high, the more it is effective, but if the safety of equipment is taken into consideration, it 
can be said that two to 5 atmospheric pressure is suitable. 

[0069] In the gestalt 7 of gestalt 9 implementation of operation, as ozone gas supplied from the 
gas supply opening 38, as shown in drawing 9 , the gas supply opening 38 is connected with the 
ozone water manufacturing installation 34 by the interconnecting tube 43, and the substrate 
surface treatment approach according to claim 6 is enforced by using the ozone gas discharged 
from the ozone water manufacturing installation 34. 

[0070] 20 ppm ozone water is supplied for 30 seconds by 400 cc/min from a feed hopper 35, and 
in order to control emission into the gaseous phase of dissolution ozone in parallel to the 
processing which forms an oxide skin in a substrate front face, the ozone gas of three or more 
[ 50g //Nm ] discharged from the ozone water manufacturing installation 34 is supplied to the 
gaseous-phase part in the reaction processing container 30 from the ozone feed hopper 38 
through an interconnecting tube 43. The oxide skin which had one 1.2 to 1.6 times the thickness 
of this from the gas supply opening 38 as compared with the case where nitrogen is supplied has 
been formed. 
[0071] 

[Effect of the Invention] Since a gas-liquid interface will be abolished in the process which 
contacts a high concentration ozone solution to a processed material according to invention 
according to claim 1 by the time a high concentration ozone solution contacts a processed 
material from a feed hopper as explained above While being able to use effectively the ozone 
which could prevent emission into the gaseous phase of the ozone which dissolved, and 
dissolved in the process using a high concentration ozone solution Since a high concentration 



ozone solution has the powerful oxidation, it performs photoresist exfoliation and an oxide-film 
formation process quickly, and can process them efficiently. 

[0072] Moreover, since ozone is made to exist in a gaseous phase in the process which contacts 
a high concentration ozone solution to a processed material according to invention according to 
claim 2, emission into the gaseous phase of the ozone which dissolved can be prevented, and the 
ozone which dissolved in the process using a high concentration ozone solution can be used 
effectively. 

[0073] Moreover, since according to invention according to claim 3 the lid was installed in the 
upper part part of a reaction processing container and it sealed into .it in the process which 
contacts a high concentration ozone solution to a processed material, emission into the gaseous 
phase of the ozone which dissolved by filling a reaction processing container with a solution can 
be prevented, and the ozone which dissolved in the process using a high concentration ozone 
solution can be used effectively. 

[0074] Moreover, since a processed material is made to contact using an ozone solution injection 
nozzle with a configuration similar to the configuration of a processed material according to 
invention according to claim 4 before dissolution ozone reaches a gas-liquid interface, emission 
into the gaseous phase of the ozone which dissolved can be prevented, and the ozone which 
dissolved in the process using a high concentration ozone solution can be used effectively. 
[0075] Moreover, since emission into the gaseous phase of dissolution ozone is controlled by 
introducing the ozone gas which occurred with the ozonator to the gaseous-phase part in a 
reaction processing container according to invention according to claim 5, emission into the 
gaseous phase of the ozone which dissolved can be prevented, and the ozone which dissolved in 
the process using a high concentration ozone solution can be used effectively. 
[0076] Moreover, since emission into the gaseous phase of dissolution ozone is controlled by 
introducing the ozone gas discharged from the ozone solution manufacture process to the 
gaseous-phase part in a reaction processing container according to invention according to claim 
6, emission into the gaseous phase of the ozone which dissolved can be prevented, and the 
ozone which dissolved in the process using a high concentration ozone solution can be used 
effectively. Moreover, by this, the ozone gas discharged not only from a deployment of a high 
concentration ozone solution but from ozone solution manufacture can be used effectively. 
[0077] Moreover, according to invention according to claim 7, a high concentration ozone 
solution is set in the process contacted to a processed material. When the solubility to ozone 
uses a certain acetone, an acetic acid, or its mixed solution about 10 times as a solvent which 
dissolves ozone as compared with water Especially, in the washing process of the organic 
substance etc., the cleaning effect by the ozone solution can be remarkably raised by the rather 
than thing for which an oleophilic high acetone is used, using water with oleophilic [ low ] as a 
solvent. 

[0078] Moreover, since the pressure of the ozone gas by which ozone exists and supplies a high 
concentration ozone solution into a gaseous phase in the process contacted to a processed 
material is more than atmospheric pressure according to invention according to claim 8, while 
being able to control emission into the gaseous phase of the ozone which dissolved by 
introducing high-pressure ozone gas, the film thickness of an oxide skin can be made to 
increase. 

[0079] Since emission into the gaseous phase of the ozone which dissolved can furthermore be 
prevented according to invention according to claim 9 to 13, the ozone which dissolved in the 
process using a high concentration ozone solution can be used effectively. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the experimental device explaining the gestalt 1 of 
operation of this invention. 

[Drawing 2] It is the schematic diagram of the substrate surface treatment equipment in which 
the gestalt 1 of operation of this invention is shown. 

[Drawing 3] It is drawing showing the ozone level in the solution generated by the ozone 
manufacturing installation, the ozone level in the case of dr awin g 1 , and the ozone level in the 
case of drawing 2 . 

[Drawing 4] It is drawing showing the result of having measured the ozone level about the case 
where ozone does not exist in the case where ozone exists in a gaseous phase, and a gaseous 
phase. 

[Drawing 5] It is the schematic diagram of the experimental device explaining the gestalten 3, 4, 
and 5 of operation of this invention. 

[ Drawin g 6] It is the schematic diagram of the substrate surface treatment equipment in which 
the gestalten 3, 4, and 5 of operation of this invention are shown. 

[Drawing 7 ] It is the schematic diagram of the substrate surface treatment equipment in which 
the gestalt 6 of operation of this invention is shown. 

[Drawing 8] It is the schematic diagram of the substrate surface treatment equipment in which 
the gestalten 7 and 8 of operation of this invention are shown. 

[ Drawing 9] It is the schematic diagram of the substrate surface treatment equipment in which 
the gestalt 9 of operation of this invention is shown. 

[Drawin g 10] It is the schematic diagram of the equipment in which the conventional example 1 
is shown. 

[D rawing 1 1] It is the schematic diagram of the equipment in which the conventional example 2 
is shown. 

[Description of Notations] 

1 Reaction Processing Tray, 2 Photoresist Film, 3 Silicon Substrate, 4 An ozone water 
manufacturing installation, 5 An ozone solution feed hopper, 6 Overflow **, 7 A lid, 8 An ozone 
exhaust port, 10 A reaction-vessel body, 12 Silicon substrate, 13 A sample base, 14 An ozone 
water manufacturing installation, 15 Ozone solution feed hopper, 16 A solution exhaust port, 17 
Gas exhaust, 18 Gas supply opening, 19 Ozone solution injection nozzle, 20 A pure-water feed 
hopper, 21 hydrofluoric-acid feed hopper, 30 Reaction-vessel body, 32 A silicon substrate, 33 A 
sample base, 34 Ozone water manufacturing installation, 35 An ozone solution feed hopper, 36 
Solution exhaust port 37 gas exhaust, 38 Gas supply opening, 40 A pure-water feed hopper, 41 
Hydrofluoric-acid feed hopper, 42 An ozonator, 43 An interconnecting tube, 50 An exfoliation 
tub, 51 Exfoliation liquid, 52 tanks, 53 A sensor, 54 A new liquid feeder, 55 A substrate, 56 The 
injection nozzle in liquid, 57 A washing tub, 101 A sealing tub, 102 An inert gas inlet, 103 Wafer 
104 Drug solution supply nozzle. 
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^7c^T^< , ^-vv^iaptA^gpttj^ns^-y^A" 
x^#afijffl-e^5„ 

[0077] ^fc, ii3R3i7fe^o?gB^t intf, ^it 
jg^-y>^^»i!ia%iics^^-&5 7'D-bxtfev> 
40 t, *-j>iztt-t&®mAtf7}<ttmLT 1 o^s^^ 

^yo-fex&iffcfei^TWu ^rfittAMgvvK^^i: L 

t-, *v>mmiz£%m&%)$kttmi,<m±-z^%c t 

[0 0 7 8] £fc, Ifj&Ii 8 fEfSO^Bj? tariff. JSzg 

T, M1S^t^y>A-#aL, fro, #t*§-r£;}-y>7b" 
so X©ff^)fr^JEJ-X±T£^cOT\ iSEEO^-l/V^X^r 
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[0 0 7 9] S6*c|(l««9 — l 3l2»DftS3fcJ:ft 

Tjgfi? L Tz 3r JB T**5 0 

[0M<7)fSi|i&tftBjl] 

[0 1] *SWiO*aiiO»IR l *Rffit5*B«lO 
[El 2 ] *»i|llOltaS<BJKB l »E«ffiffl3S 

[El 4] ftffi*u:*V'>3y#aE , rs«^k«ffl4'Jc* 

.[0 5] *»BBO**OJB«3, 4. 5^ritt0J-r^H 

[0 6] *»BBO|BSO*tt3, 4. 

[El 7 ] *»BBOH«<D»ffi 6 ^itlffiilffilg 
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[0 8] *»BIOltfllO*«7, _8*^-r»S*ffiJB 

[ei 9 ] ^mommtDBm 9 sffi^sjass 

[010] fi£3fe0B l ^itilOWITg^o 

[011] 2 *^-r««<DiHBSH"ea6«o 

1 KlSfflShU— . 2 7*VU^M, 3 ->U 

4 *VT>7(4BSB». 5 

P, 6 *-;^7n-H, 7 K % 8 ;*V>gEffi 
P, 10 KJS*t#tt. 12 S/»j3>lfi, 13 U 

mi$, 1 4 xyyymmgm, 1 5 

p. i 6 rg^Sfmn. i 7 »x*fflp, i 8 
«|&p, 19 ^y>rg^«^yX;K 2 0 £G7}<«*£ 
P. 2l7ytoWMWtel* 3 0 KJ5««fc 3 2 
>/ij3>Sfi, 3 3 3 4 **/>7kH3tS 

i, 3 5 *VT>»*«i&n, 3 6 *«ESPaP. 3 
7 #*SEffiP. 3 8 #X{J«SP, 4 0 ^7j<«3&P N 

41 7*tokiMtt»p. 42 4 3 

5 0 MEK 5 1 MffiK. 52^>^ 

5 3 , 5 4 5 5 Sfc 5 

6 «**fi*/X;K 5 7 101 ftHflL 

1 0 2 ^Sttytf7>3»AP. 10 3 10 4 



[01] 



[02] 



4^ 



T 

1a 



1b 

1 



[03] 



[04] 



tit 

CD 

» 



ft 



02 



(9) 



000-3767 1 






(72)f8W# IS F^-A(##) 3B116 AA01 AB34 BB22 BB89 CD42 

SSIPf ftffiEA©^!! 2 # 3 f = 3B201 AA02 AA03 AB34 BB02 BB03 

SWBttit^itrt BB04 BB05 BB22 BB32 BB93 

BB96 CD33 

5F046 MA02 MA 10 

5F058 BA20 BC02 BE03 BF29 BF58 

BF63 BF65 BJ01 
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